Variations of dissolved greenhouse gases (CO2, CH4, N2O) in the Congo River network overwhelmingly driven by fluvial wetland connectivity by Borges, Alberto
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• Measurements of greenhouse gases in aquatic enviroments
• Inland waters, coastal waters, oceanic waters & marine cryosphere
• Versatile, compact and rugged equipment for harsh environments
• Carbon dioxide (CO2) by infra-red & lazer gas analysers (Li-Cor & LGR) 
• Continuous (surface) and discrete (profiles) 
• Nitrous oxide (N2O) concentration by GC
• N2O isotopes by lazer spectrometry (LGR)
• Dimethylsulfide (DMS) by GC
• Methane (CH4) by gas chromatography (GC) & lazer gas analyser (LGR) 
How important are emissions of greenhouse-gas
from inland waters ?
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Lauerwald et al. (2015)
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pCO2 = 277,076 ppm ?
Introduction
Raymond et al. (2013) & Lauerwald et al. (2015) used pCO2 computed
from pH and total alkalinity
Over-estimation up to 75 x 




Fluxes in PgC yr-1
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> 23,000 continuous measurements
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CO2 emission from Congo rivers-streams
FCO2 = k H ΔpCO2
FCO2 air-water CO2 flux
H Henry’s constant = f(temperature) 
ΔpCO2 = air-water gradient of pCO2 (measured)
k = gas transfer velocity
k = f (flow velocity; slope)
Results
CO2 emission from Congo rivers-streams
Stream surface area = length x width
length = Hydrosheds
width = Remote Sensing
Results
CO2 emission from Congo rivers-streams
= 251 TgC yr-1
Net ecosystem exchange (NEE) Congo forests + savannahs
= 77 TgC yr-1
???
Export of C from soils to rivers
= 2-3% of NEE
for terra firme forests
??????
Results
CO2 emission from Congo rivers-streams
= 251 TgC yr-1
Mostly sustained by C leaked from wetlands ?
Export C from flooded forest in Amazon (Abril et al.)
+
Surface of flooded forest in Congo
= 400 TgC yr-1










































































































→ short residence time
→ smaller flood areas
→ high exchange + air
Steeper
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    Amazon Congo 
Catchment area (km
2
) 6,025,735 3,705,222 





) 5,444 1,270 




) 29 11 
Precipitation (mm) 2,147 1,527 
Air temperature (°C) 24.6 23.7 
River-stream surface  area (km
2
) 74,904 26,517 
Wetland surface area (%) 14 10 
Above ground biomass (Mg km
-2
) 909 748 
Land cover     
  Dense Forest (%) 83 49 
  Mosaic Forest (%) 4 18 
  Woodland and shrubland (%) 4 27 
  Grassland (%) 5 3 






























pCO2 is ± similar



















Hmax - Hmin = 10-12 m Hmax - Hmin = 3-4 m
Results
Amazon Congo
Flooded land = 80 % flooded forest
Numerous permanent & temporary lakes
Flooded land = 100 % flooded forest
Only a few large permanent lakes
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Results
Amazon Congo
Flooded land = 80 % flooded forest
Numerous permanent & temporary lakes
Flooded land = 100 % flooded forest
Only a few large permanent lakes
Seasonally inundated wetlands Permanently inundated flooded forest
Flooding from river overflow Wetland water from upland runoff
Macrophytes only present in floodplains Extensive macrophyte meadows in river 
channels (mainstem + tributaries)
Explains why CH4 is 3-4 times higher in Congo
Results
Using gas transfer velocity + river/stream areas from GIS of 
Raymond et al. (2013)
+ GLWD (Lehner & Döll 2003)

























CO2 emissions from tropical 
rivers = 1.8 PgC yr-1
Raymond et al. (2013)
1.4 PgC yr-1
Lauerwald et al. (2015)
0.5 PgC yr-1
Further Reading
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